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A series of new discoveries from the ocean floor highlights how incomplete our 
knowledge of this habitat still is. Michael Gross reports. 
Surprises from the sea floorUnknown planet: Around 72% of the Earth’s surface is covered by oceans, and much of that 
surface is still unchartered territory for science. (Graphic: SuperStock.)More than seventy percent of the 
surface of our planet is covered by 
oceans. 88 percent of their area is 
deeper than 1,000 metres and thus 
difficult to access for research. 
There are only a handful of research 
submersibles that can descend to 
kilometre depths, including the US 
research vessel Alvin, which was 
recently reconstituted to expand its 
diving range (Curr. Biol. (2011) 21, R94–
R95). Remote sensing from satellites or 
ships also becomes challenging once 
there are several kilometres of water 
column in the way. It is for such trivial 
but substantial technical reasons that 
we still know the topography of the far 
side of the moon in greater detail than 
that of the ocean floor. 
Every now and again, discoveries 
of unexpected phenomena, which at 
first appear wildly exotic, highlight 
how little we know about the oceans. 
Examples include the discoveries of 
living coelacanths (although the species 
was believed to be long extinct) in 1938, 
of hot springs and ‘black smokers’ 
with rich chemosynthetic ecosystems 
in the late 1970s, and of ecosystems 
consisting mainly of archaea and their 
phages in 2008. 
Two recent publications describe 
biogeochemical processes in sea 
floor sediments that were similarly 
unexpected and are bound to change 
the scientific view of sea floor ecology. 
The wire
Generally, the ocean floor represents 
the chemical boundary between 
the aerobic world we live in and the 
anaerobic subsurface. Microbes can 
draw energy from the oxidation gradient 
across the uppermost layers of marine 
sediments, which suggests that there 
must be an electrochemical connection 
between layers. 
The groups of Nils Risgaard-Petersen 
and Lars Peter Nielsen at Aarhus 
University, Denmark, have recreated 
this situation in the lab in the presence 
of the bacterial inhabitants, but without 
any higher organisms. As in the natural 
environment, the sediment sample 
in the lab developed a very distinct chemical layering, where oxygen is 
reduced at the surface with the help of 
electrons generated by sulphides being 
oxidised around 1 cm below (Nature 
(2012) 491, 218–221).
Looking for the electrical connection 
between the two processes, the 
researchers discovered bacterial 
filaments of up to 1.5 cm in 
length, formed by previously 
unknown members of the class 
Deltaproteobacteria. Suspecting that 
these might be the cables connecting 
processes at the surface and within 
the sediment, they cut through a 
sediment profile with a thin wire, which 
duly interrupted the contact and thus 
supported their hypothesis. Further 
experiments with filters of various pore sizes confirmed that the electrical 
conductivity was provided by entities 
of bacterial dimensions, as opposed to 
diffusion of soluble ions. 
Electron microscopy revealed that 
the outer membrane, which is shared 
between bacterial cells in a single 
filament, is creased in the longitudinal 
direction, such that the cross section 
has either 15 or 17 ridges. Each of 
these harbours a channel of 70 to 100 
nm diameter. The authors propose that 
these channels are the conductors that 
connect the two halves of the redox 
reactions in separate layers. 
Using electrostatic force microscopy, 
the authors tested the conductivity of 
the bacterial cables and found that the 
channels within the ridges do indeed 
display the physical properties required 
to act as a conductor over centimetre 
distances. 
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Live wires: Filamentous bacteria found in marine sediments are believed to transport electrons in 
isolated strings, seen as distinct ridges running alongside the bacterial cells. (Image: Jie Song and 
Nils Risgaard-Petersen.) Thus, they hypothesize “that the 
micro-cables are multicellular, aerobic, 
sulphide oxidizers where electrons 
generated by sulphide oxidation in 
cells at one end can be passed through 
internal, insulated wires to cells at the 
other end and here are consumed by 
oxygen reduction.” 
The authors found their living cables 
locally, in Aarhus Bay, but they expect 
that there are similar phenomena going 
on around the world. “The cable bacteria 
flourish in oxygen-exposed sulphidic 
sediments with little or no bioturbation,” 
explains Risgaard-Petersen. “Such 
types of sediment are found in coastal 
marine areas suffering from frequent 
oxygen depletion events, as such events 
may trigger collapses of benthic fauna 
communities and sulphide accumulation 
in surface sediment.” 
Nielsen adds: “The phenomena we 
describe may be significant during the transition period from hypoxic to oxic 
bottom water in such systems.  The 
Tokyo bay is such a location where the 
electric currents have been detected 
in the sediment after re-oxygenation 
of the bottom water. Seasonal anoxia 
or hypoxia is a widespread and 
increasing trait in coastal marine 
waters due to eutrophication, and we 
expect therefore that the phenomena 
we describe are quite widespread. ”
Methane menace
As the ocean floor is so remote from 
the world we experience, one might 
think that what happens below the 
oceans stays below the oceans. 
However, redox reactions in marine 
sediments can acquire crucial 
importance for our lives on dry land 
as soon as they involve greenhouse 
gases, such as methane and carbon 
dioxide. Marine sediments contain large 
amounts of methane that could become 
a real danger to our climate if they 
were released. Some of this methane is 
metabolised by microbial communities 
in the sediment and, given the current 
climate crisis and the possibility of 
feedback effects leading to the release 
of even more greenhouse gases, it is 
crucially important to understand the 
biogeochemistry of carbon compounds 
at the bottom of the oceans. 
 So far, researchers believed that 
microbial communities are necessary 
to carry out anaerobic oxidation of 
methane (AOM), with bacterial and 
archaeal species dividing the chemical 
tasks between them. However, Jana 
Milucka and colleagues from the Max 
Planck Institute for Marine Microbiology 
at Bremen, Germany, have now shown 
that methanotrophic archaea can 
conduct this crucial process all by 
themselves (Nature (2012) 491, 541–546). 
The researchers had cultivated 
sediment samples from the 
mud volcano Isis in the Eastern 
Mediterranean, near the coast of 
Egypt, for eight years to obtain an 
enriched culture with high methane 
oxidation activity. The resulting cultivar 
contained mainly archaea from the 
group ANME-2 and sulphate-reducing 
Deltaproteobacteria from the genera 
Desulfosarcina and Desulfococcus. 
By a combination of isotope labelling 
and single-cell methods, the researchers 
discovered that the archaea in their 
enrichment culture can oxidise methane 
all on their own. They balance the redox 
potential by reducing sulphur from the 
oxidation level +6 in sulphate to zero 
(S0), as found in di- and polysulphides 
as well as in elemental sulphur. “That is 
a huge shift of paradigm,” comments 
biogeochemist Tatiana Luzan who has 
studied the occurrence of elemental 
sulphur in suboxic sediments at the 
University of Louisiana at Lafayette. 
“It [S0] was found before, and it has 
been puzzling scientists for almost 50 
years, as the elemental sulphur is a 
somewhat oxidized product, and very 
little oxidation processes could be 
happening in the anoxic sediments, 
which are dominated by the hydrogen 
sulphide, in temperate anoxic sediments 
in Fjords, for example, or some marine 
sediments, like the Black Sea. Now 
this mystery is solved: elemental 
sulphur is present, because it is a major 
intermediate in the AOM.”
The Deltaproteobacteria, for 
their part, can gain energy from 
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What turned you on to biology, and 
neuroscience in particular? From an 
early age I had an insatiable thirst for 
facts which was most acute in three 
domains — archaeology, astronomy 
and biology. When it came to making 
choices for university, my parents 
ruled out archaeology as they felt I 
couldn’t make a decent living from it! 
In Dublin in the late 1980s, studying 
astronomy seemed like pie in the sky. 
So I quite happily plumped for a career 
in biology. Visits to the local university 
arranged by my biology teacher 
quickly confirmed that a wet lab was 
not for me, and consequently I fell 
into psychology. To be honest, I didn’t 
really enjoy it at first, but then the 
neuropsychology module started, and 
I was hooked; the brain — here was 
something tractable that challenged 
and completely absorbed.
Who are your scientific heroes? I 
should probably say something lofty 
Q & Adisproportionating the S
0 into sulphide 
and sulphate, where the latter can 
be recycled by the archaea. While 
these two parts of the process can be 
teased apart in the lab, the coordinated 
growth rates of bacteria and archaea 
in natural settings suggests that they 
work closely together, with S0 being 
the chemical species linking the 
reactions. Luzan likens the bacteria 
to scavengers in the animal kingdom: 
“According to this new paper, the 
relationship between the sulphate- 
reducing bacterium and archaeon 
is more like that between lion and 
hyena — like the hyena, the bacterium 
takes the leftovers.”
While Milucka and colleagues 
base their current analysis on just 
one location, they believe that the 
mechanisms may be widespread, 
as similar sediments occur in many 
parts of the sea floor. “Our cultures 
originate from sediments of a marine 
mud volcano, which represents a 
typical habitat in which AOM is regularly 
found,” says Milucka. “Interestingly, 
our observations, such as production 
and accumulation of elemental sulphur, 
have also been reported from so-called 
sulphate–methane transition zones, 
which represent another common 
habitat of AOM.” 
Globally, this biological degradation 
of methane is an extremely important 
factor for climate stability. “Under the 
environmental conditions prevalent in 
anoxic marine sediments methane is 
very stable and unreactive,” Milucka 
explains. “Therefore, microbial activity 
is necessary for its breakdown. 
Microbially-mediated anaerobic 
methane oxidation is a key process 
regulating the flux of methane into the 
water column. It is estimated that AOM 
consumes up to 90% of the methane 
diffusing from marine sediments, which 
equals ca. 300 Tg per year. However, 
it is the interplay between both the 
aerobic and anaerobic oxidation of 
methane in the water column and the 
sediment, respectively, that protects 
our atmosphere from the effects of this 
greenhouse gas.” 
Three dimensions of diversity
Apart from these surprising new 
reactions and processes that need 
to be explored in more depth, a 
lot of the more mundane work of 
mapping habitats and linking species 
to geological context remains to 
be done, as highlighted by recent 
papers covering what would be basic knowledge on dry land, but is still a 
frontier on the sea floor. 
Frank Scheckenbach and colleagues 
at the University of Cologne, Germany, 
have described the diversity of single-
cell eukaryotes on the deep sea floor 
at 5,000 metres depth for three abyssal 
plains in the southeastern Atlantic (Proc. 
Natl. Acad. Sci. USA (2010), 107, 115–
120). They found great phylogenetic 
diversity, providing just a glimpse of the 
wealth of biology we’re still missing out 
on in these depths. 
In an attempt to map diversity 
vertically rather than horizontally, the 
groups of Steffen Leth Jørgensen 
from the Centre for Geobiology at the 
University of Bergen, Norway, and 
Christa Schleper from the University of 
Vienna, Austria, have profiled microbial 
communities in correlation to their 
geological context (Proc. Natl. Acad. 
Sci. USA (2012) 109, E2846–E2855). 
The authors analysed two drill cores, 
each three metres long, from the Arctic 
mid-ocean ridge system that runs 
parallel to the east coast of Greenland. 
They obtained both cores at a distance 
of 15 km from an active hydrothermal 
vent field. In these locations, the 
alternating depositions of sediments 
carried by a river on Bear Island and 
hydrothermal vent output leads to 
strongly pronounced geological layer 
structures within a modest depth range. 
Studying 15 separate sediment 
horizons and analysing the sequences 
of around 60,000 microbial 16S rRNA 
genes, Jørgensen and colleagues could 
associate microbial communities with 
specific types of sediments. They come 
to the conclusion “that organic carbon 
and mineral (iron and manganese) 
content are key determinants of 
microbial community structure. 
Conversely, the community structure 
is a likely determinant of the sulphate 
concentration.” 
Linking geology to ecology in this 
way can help to form hypotheses about 
less accessible habitats, the authors 
say. Thus it may help to push back the 
boundaries of those vast uncharted 
territories remaining on our own 
planet. As humanity is confronted with 
planetary problems like climate change 
and ocean acidification, our lack of 
knowledge regarding the 72% of our 
planet covered by oceans is becoming 
downright dangerous. 
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